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Does life span extension come with a reproductive trade-off? In a recent report published in Nature, Greer
et al. (2010) show that in the nematode worm C. elegans, life span extension, as a consequence of defi-
ciencies in histone methylation, requires an intact germline and ongoing fertility.Cornelia, the mother of the famous
Gracchi brothers, who championed the
case of Rome’s plebeian underclass in
the second century B.C., was the exam-
ple of feminine virtue. She died at an
advanced age, yet bore her husband 12
children! Such concurrence of longevity
and fertility flies in the face of the
commonly held assumption that longevity
is negatively correlatedwith fertility (West-
endorp and Kirkwood, 1998). It therefore
comes as a surprise that Eric Greer et al.,
in a recent paper in Nature, report on
mutations that increase life span, but
only do so when fertility is still high (Greer
et al., 2010). Should we now conclude
from these observations that Cornelia’s
life was not exceptional and there are no
real trade-offs between longevity and
reproduction?
Conserved pathways known to have
a major impact on life span in model
organisms, such as the insulin/IGF-1
pathway, modulate life span through
changes in expression of many genes
via specific transcription factors (Fontana
et al., 2010; Kenyon, 2010). Modification
of histones, proteins around which DNA
is wound to form the highly ordered struc-
ture of chromatin, has profound effects on
gene expression through controlling the
accessibility of chromatin to transcription
factors. Histone methylation is a major
component of such regulatory events in
gene transcription, and can be essential
for defining and maintaining transcription
programs in response to developmental,
physiological, and environmental cues.
Methylated lysine residues on histone
constitute important regulatory marks
delineating transcriptionally active and
inactive chromatin (Cloos et al., 2008).Trimethylated lysine 4 on histone H3
(H3K4me3) is often associated with
open, accessible chromatin and gener-
ally, but not always, active transcription
(Cloos et al., 2008). Greer et al. (2010)
now show that epigenetic regulators
involved in generating and erasing
H3K4me3 marks, H3K4me3 methyltrans-
ferase/demethylase, are involved in life
span determination in fertile but not in
sterile C. elegans, suggesting that intact
adult germ cells and mature eggs consti-
tute the targets in which the methyltrans-
ferase-regulated transcriptional program
is the ‘‘signal’’ source for the observed
effects on longevity.
By targeted inhibition of genes that
encode known worm methyltrans-
ferases, or orthologs of regulators of
histone methylation in fertile worms,
Greer et al. (2010) discovered that defi-
ciencies of members of the ASH-2
trithorax complex involved in the genera-
tion of H3K4me3—ASH-2, WDR-5, and
the H3K4 methyltransferase SET-2—
significantly extend life span by up to
30% (Figure 1). Conversely, inhibition of
RBR-2, a H3K4 demethylase, signifi-
cantly decreased life span and reversed
the effects of altered ASH-2 expression.
How could an excess of an active tran-
scription mark, H3K4me3, be detrimental
for longevity and reduction of it prolong
life span? A clue came when patterns
of ASH-2 expression in worms were
examined: ASH-2 is highly expressed in
the germline and in newly formed eggs.
Consistently, the H3K4me3 mark was
present in high abundance in the germ-
line, and RBR-2 deficiency leads to
increased H3K4me3 levels, particularly
in the germline.Cell Metabolism 12, SIndeed, the ASH-2 methyltransferase
complex and the RBR-2 demethylase
function primarily in the germline to regu-
late life span. The presence of an intact
germline is necessary for life span regula-
tion by the ASH-2 methyltransferase
complex or the RBR-2 demethylase, and
modulating the activities or levels of these
proteins only in germline, but not in
somatic cells, was sufficient for life span
extension. Moreover, the continuous pro-
duction of mature eggs is required to
prolong life span. Consistently, ASH-2
regulates the expression of a specific
subset of genes, which are enriched for
life span determination, in a germline-
dependent manner.
While the requirement of the germline
for life span extension by the histone
modifiers initially seems counterintuitive
to the observed trade-off between fertility
and longevity in a wide range of organ-
isms, the data are in fact in full accord
with a negative effect of reproduction on
longevity. Indeed, the proaging effect of
the ASH-2 complex emanates from the
germline in the first place. As demon-
strated by the Kenyon group, removal of
the germline of C. elegans using a laser
microbeam increases life span of adult
animals up to 60% (Hsin and Kenyon,
1999). To demonstrate that an intact
germline is needed for obtaining the
prolongevity effect of ash-2 knockdown,
Greer et al. (2010) show that glp-1
mutants, which already live longer
because of a severe underproduction of
germ cells (Arantes-Oliveira et al., 2002),
are refractory to further life extension
through ash-2 knockdown. Hence, nor-
mal, adult germ cells exert a proaging
effect that can be blocked by ablatingeptember 8, 2010 ª2010 Elsevier Inc. 209
Figure 1. The Possible Role of Germ Cells in Modulation of Life Span in C. elegans through
Histone Modification
The ASH-2 trithorax complex trimethylates histone H3 at lysine 4 (H3K4me3) and selectively controls a set
of genes involved in life span determination, thereby limiting life span (red bar). Defects (green X) in
members of the ASH-2 complex—ASH-2, WDR-5, and the H3K4 methyltransferase SET-2—extend life
span (green arrow). Conversely, the H3K4 demethylase RBR-2 counteracts the effects of the ASH-2
complex on H3K4me3 and is required for normal longevity. Although a mechanism is as yet unclear, life
span extension induced by ASH-2 complex deficiency requires the presence of intact adult germ cells
and the continuous production of mature eggs, suggesting that epigenetic modulation of longevity by
an H3K4 methyltransferase/demethylase complex is mediated through the germline in worm.
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Previewsthese cells or, as Greer et al. now show,
by interfering in the expression of a large
number of genes through the inhibition
of histone H3 methylation in these same
germ cells. These findings are therefore
consistent with the idea that aging is
a byproduct of the intense pressure of
natural selection on growth and early
reproduction; longevity then often comes
at the cost of reduced fertility. In this
case, the long-lived mutant worms were
fertile and produced similar numbers of
eggs, live progeny, germline cells, and
germline morphology. However, there210 Cell Metabolism 12, September 8, 2010 ªmay well be a fitness cost that remained
hidden due to the use of laboratory strains
of nematodes and laboratory conditions.
Results from the Lithgow group conclu-
sively demonstrated that under more
natural conditions there can be a fitness
cost of extended life span in C. elegans
(Jenkins et al., 2004).
So, there appears to be a transcriptional
program in adult germ cells and mature
eggs that is capable of negatively
affecting longevity of the soma and,
when perturbed, extends life span. A
number of questions remain. What is the2010 Elsevier Inc.mechanism by which the ASH-2 complex
regulates life span acting through the
germline? And what are the factors that
bring this about? Possibilities abound,
varying from small RNAs to hormones.
Their identification may offer the possi-
bility to extend human life span without
the need to adversely affect fertility.
However, it seems doubtful that this
would lead many aspirant mothers to
emulate Cornelia.
In summary, in spite of the many ques-
tions remaining, the work by Greer et al.
(2010) points toward an important new
link between fertility and longevity. Unrav-
eling of the transcriptional programs
controlled by the ASH-2 complex and
the factors that mediate the longevity
response may eventually lead to novel
ways of silencing aging through histone
modification.REFERENCES
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